The EPR zero-field splittings of Fe 3+ doped in MgTiO 3 and LiTaO 3 are studied by diagonalizing the complete energy matrices of the electron-electron repulsion, ligand-field and spin-orbit coupling interactions for a d 5 configuration ion in a trigonal ligand-field. It is shown that, when Fe 3+ is doped in a MgTiO 3 or LiTaO 3 crystal, the local lattice structure around the octahedral Fe 3+ center has an obvious distortion along the C 3 axis. By simulating the second-and fourth-order EPR parameters D and  (a − F) 
Introduction
The ABO 3 type (A = Mg, Li, K, La; B = Ti, Ta, Nb, Al) pervoskite structure is one of the typical structures of ion crystals, which are extensively applied in the industry [1, 2] . MgTiO 3 and LiTaO 3 crystals, belonging to the ABO 3 type like Al 2 O 3 [3] , are important dielectric materials. Their crystals, doped with Fe 3+ are of great interest because of their application in ceramic multilayer capacitors, electro-optic, waveguide and nonlinear optical devices [4 -6] . In particular, the impurity ion Fe 3+ plays an important role in the photorefractive effect [7] . Therefore, it is necessary to know the local lattice structure of the impurity centers. From ENDOR and EPR experiments [8 -10, 15] , one knows that Fe 3+ , doped in MgTiO 3 crystals, replaces both Mg 2+ and Ti 4+ sites, and their zero-field splitting parameters were measured on the basis of the angular dependence of EPR spectra. As for Fe 3+ doped in LiTaO 3 , according to the EPR parameter D [8 -16] , it replaces the Li + site rather than the Ta 5+ site. Until now, however one can not explain satisfactorily the interrelation between the local lattice structure and the EPR spectrum of Fe 3+ doped in MgTiO 3 and LiTaO 3 crystals.
It is well known that for a d 5 configuration ion in a trigonal ligand-field the high-spin ground-state is the 0932-0784 / 07 / 0100-0101 $ 06.00 c 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 6 A 1 state. In order to describe the 6 A 1 ground state splitting, the spin Hamiltonian should include the three EPR parameters a, D and (a − F). The parameter a relates to a fourth-order spin operator and represents a cubic component of the crystalline electric field. The parameters D and (a − F) relate to the axial ligandfield. So, generally speaking, the EPR parameters D and (a − F) should be simultaneously considered in the determination of the local distortion structures for Fe 3+ doped in crystals. In the present paper we study the crystal structure around an Fe 3+ ion located at an octahedral site in MgTiO 3 and LiTaO 3 by simulating the EPR parameters D and (a − F) simultaneously.
Theoretical Method
The perturbation Hamiltonian of an ion of d 5 configuration in a trigonal ligand-field can be expressed as [17] 
where the first term is the electron-electron repulsion interaction, the second one is the spin-orbit coupling interaction, and the third one is the ligand-field interaction. V i is the potential function that may be expressed as
where r i , θ i and ϕ i are the spherical coordinates of the i-th electron. Z lm , Z c lm and Z s lm are defined as
The Y l,m in (3) are the spherical harmonics. γ l0 , γ c lm and γ s lm are associated with the local structure around the d 5 configuration ion by the relations
where θ i and ϕ i are the angular coordinates of the ligand, i and q i represent the i-th ligand ion and its effective charge, respectively. R i denotes the impurityligand distance.
Three 84 × 84 energy matrices for a d 5 configuration ion, corresponding to the perturbation Hamiltonian (1), have been derived, based on the irreducible representations Γ 4(Γ 5) and Γ 6 of C 3 * point group [17] . The matrix elements are functions of the Racah parameters B and C, Trees correction α, seniority correction β , the spin-orbit coupling coefficient ζ , and the ligand-field parameters B 20 
where
We 
According to the Van Vleck approximation of the
, we can obtain the relations
The ratio of r 2 / r 4 = 0.097 is obtained from the radial wave function of Fe 3+ in complexes [20] . A 4 as a constant for an octahedral [FeO 6 ] 9− cluster can be determined from the optical spectra and the Fe-O bond length of the α-Fe 2 O 3 crystal [21, 22] . In this way, we derive A 4 = 27.6967 au and A 2 = 2.6870 au for an octahedral [FeO 6 ] 9− cluster, and we will take them in the following calculation. The EPR spectra of a d 5 configuration Fe 3+ ion in a trigonal ligand-field can be analyzed by employing the spin Hamiltonian [23, 24] 
From the spin Hamiltonian, the splitting energy levels in the ground state 6 A 1 for a zero magnetic field are given as [25, 26] 
Then, the zero-field splitting energies ∆E 1 and ∆E 2 , which are energies between three Kramers doublets of the 6 A 1 ground state, can be explicitly expressed as a function of the EPR parameters b 0 2 , b 0 4 , and b 3 4 :
The positive and negative signs in (12) Corresponding to the relation D a, Kuang had shown that the low-symmetry EPR parameters D and (a − F) are almost independent of the EPR cubic parameter a for Fe 3+ in the Al 2 O 3 :Fe 3+ system [17] . We note that this conclusion is also suitable for Fe 3+ doped in MgTiO 3 and LiTaO 3 crystals. Therefore, we can fix the parameter a when we study the relationship between the low-symmetry EPR parameters D, (a − F) and the local structure distortion in the MgTiO 3 :Fe 3+ or LiTaO 3 :Fe 3+ system. Meanwhile, the local distortion structures of Fe 3+ doped MgTiO 3 and in LiTaO 3 crystals are determined by diagonalizing the complete energy matrices.
Calculations
The lattice structures of MgTiO 3 
where θ 10 , θ 20 represent the angles between the M(Mg, Ti, Li)-O bond and the C 3 axis in the up and down pyramids of the host MO 6 octahedron. The trigonal ligandfield parameters (B 20 , B 40 , B c 43 ) are functions of the distortion parameters ∆θ 1 and ∆θ 2 . In order to reduce the number of adjustable parameters and to reflect the effect of covalence, we take an average covalence factor N and use the following relations:
, are the free ion parameters of Fe 3+ [29] . Then, by diagonalizing the complete energy matrices, the optical and EPR spectra of the [29] . In order to calculate accurately, a reasonable variation range of the covalence factor N (0.91 ∼ 0.92) has been employed in the calculation. are in consistent with the ENDOR and EPR experiments.
Conclusion
The local structures when Fe 3+ is doped in MgTiO 3 and LiTaO 3 have been studied by diagonalizing the complete energy matrices and considering the second-and fourth-order EPR parameters D and (a − F) simultaneously. It was shown that when Fe 3+ replaces Mg 2+ in MgTiO 3 and Li + in LiTaO 3 , the local lattice structure exhibits a compression; whereas, when Fe 3+ replaces Ti 4+ in MgTiO 3 , the local lattice structure exhibits an extension. The local structure parameters R 1 = 2.11 ∼ 2.092Å, R 2 = 1. 
